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Stability of Vitamin E in Wheat Flour and Whole Wheat Flour During Storage 
Merete Møller Nielsen1 and Åse Hansen1,2 
 ABSTRACT Cereal Chem. 85(6):716–720 
The stability of vitamin E during 297 days of storage of wheat flour 
and whole wheat flour ground on a stone mill or a roller mill, respec-
tively, were studied. One day after milling, the total content of vitamin E, 
expressed in vitamin E equivalents (α-TE), was 18.7 α-TE and 10.8 α-TE 
for stone-milled and roller-milled wheat flour, respectively. The differ-
ence in total vitamin E content was primarily due to the absence of the 
germ and bran fractions in the roller-milled flour. The total loss of vita-
min E during storage was 24% for stone-milled wheat flour but 50% for 
roller-milled wheat flour. These results indicate that vitamin E, which is 
present in high amounts in wheat germ, functions as an antioxidant in the 
stone-milled wheat flour. Hexanal formation showed that lipid oxidation 
in roller-milled flour occurred just after milling, whereas the formation of 
hexanal in the germ fraction displayed a lack period of 22 days, confirm-
ing that vitamin E functions as an effective antioxidant in the wheat germ. 
Results showed no significant difference in total loss of vitamin E for 
stone-milled and roller-milled whole wheat flour. Total loss after 297 
days of storage for both milling methods was ≈32%. 
 
Naturally occurring vitamin E is an important antioxidant in 
foods. It is composed of eight isomers: four tocopherols (α-T, β-
T, γ-T, and δ-T) and four tocotrienols (α-T3, β-T3, γ-T3, and δ-
T3). Cereal grains, together with vegetable oils, are good sources 
of vitamin E (Franke et al 2007). Wheat grains contain α-T, β-T, 
α-T3, and β-T3; the α-T and β-T content is an average of 16 
times higher in the germ than in the bran fractions, whereas the α-
T3 and β-T3 content is approximately twice as high in the bran 
fractions compared with the germ fraction (Barnes 1983; Piironen 
et al 1986; Nielsen and Hansen, unpublished). The level of vita-
min E in milled wheat products depends on the extraction rate of 
the flour, but other factors like milling method, breadmaking, and 
storage might also influence the vitamin E content in the flour to 
be used by consumers and the baking industry. 
Commercial milling is done using either roller mills or stone 
mills. Roller milling is the principal commercial milling method 
because it has a very high capacity. Roller milling is done on 
break rolls, sizing rolls, and reduction rolls. The objective of the 
breaking system is to break open the wheat grain, remove the 
endosperm and germ from the bran coat, and gradually grind the 
practically pure endosperm into flour. A stone mill is the oldest 
mill used for grinding wheat, wherein the grinding action occurs 
between two mill stones (disks). The principle in stone milling is 
the use of the forces of compression, shear, and abrasion (Posner 
2005). The grains are fed into the center of the top stone, which is 
rotated while the bottom stone remains stationary. The grains are 
broken and ground by flutings in the stones, and the material is 
discharged by the rotating stone through an outlet. Separation in 
both systems is done using sifters and purifiers (Bass 1988; Pos-
ner 2005). The main difference between the two methods is that 
in stone milling it is not possible to separate the germ from the 
endosperm. 
Vitamin E can function as an antioxidant for unsaturated fatty 
acids (UFA) in wheat flour to prevent rancidity (Slover and Leh-
mann 1972; Kamal-Eldin and Appelqvist 1996). In wheat, the 
total content of lipids is 2–3% and ≈63% of the lipids are located 
in the endosperm, 34% in the germ, and 3% in the pericarp/bran 
(Chung 1991). The dominant UFA in wheat are palmitic acid 
(2%), oleic acid (15%), linoleic acid (58%), and linolenic acid 
(4%) (Chung 1991; Hoseney 1994). The wheat lipids oxidize 
during storage; however, the oxidation might be inhibited by the 
vitamin E. Whole wheat flour (extraction rate 100%) might oxi-
dize more rapidly than wheat flour with a 70–75% extraction rate 
because bran fractions and the lipid-rich germ still are present in 
whole wheat flour. Germ and bran fractions are also rich in en-
zymes influencing the oxidation, such as lipase and lipoxygenase. 
Lipid oxidation can be divided into three types: autoxidation, 
photooxidation, and enzymatic oxidation. Autoxidation occurs 
when unsaturated fatty acids like oleic acid, linoleic acid, and lino-
lenic acid are exposed to oxygen (Belitz et al 2004). Secondary 
oxidation forms products like ketones and aldehydes. Photo-
oxidation is accelerated by light exposure; the presence of photo-
sensitizers forms secondary oxidation products as in autoxidation 
(Nawar 1996; Frankel 2005). The last type of oxidation is enzy-
matic oxidation which is initiated by certain enzymes. Lipoxy-
genase (LOX) (EC 1.13.11.12) is present in many plants and 
catalyzes the oxidation of some polyunsaturated fatty acids (Gard-
ner 1988). Because LOX is specific to UFA with a cis,cis 1,4-
pentadien system, linoleic and linolenic acids will oxide easily in 
the presence of LOX (Belitz et al 2004). Experiments with wheat 
flour showed that LOX activity is relatively high in flours where 
the germ and bran are maintained together with the endosperm 
(Rani et al 2001). This is due to the fact that both the bran and the 
germ are rich in LOX. Wheat germ and wheat bran have 17× and 
4×, respectively, as much LOX activity as is present in the en-
dosperm (Rani et al 2001). Prooxidants and antioxidants can af-
fect the rate of oxidation and vitamin E, like an antioxidant, can 
inhibit or retard the oxidation (Angelo 1996). Lipid oxidation is 
often quantified in terms of volatile secondary lipid oxidation 
products. Hexanal is an oxidation product present in large 
amounts and it has been used often to indicate lipid oxidation 
(Fritsch and Gale 1977; Frankel 2005). Hexanal is a good indica-
tor of the degree of oxidation and, along with other volatiles like 
1-octen-3-one, pentanal, and 2(E)-nonanal, hexanal has been ap-
plied in various products to follow the quality deterioration (Ull-
rich and Grosch 1987; Jensen and Risbo 2007). 
The purpose of this study was to determine whether the stabil-
ity of vitamin E during storage of whole wheat flour and wheat 
flour depended on the milling method used. The aim was also to 
investigate how quickly the oxidation of the UFA takes place dur-
ing storage of high- and low-extraction wheat flour and wheat 
germ by monitoring the lipoxygenase activity and the develop-
ment of hexanal. 
MATERIALS AND METHODS 
The storage experiment took place in two time periods. The 
first period was to determine whether the milling method (roller 
milling or stone milling) had an effect on the vitamin E stability 
of the milled products. The second period was to investigate how 
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the decrease in vitamin E content was related to lipid oxidation by 
measuring the activity of lipoxygenase and the development of 
hexanal. 
Grain and Flour Samples 
Organic whole wheat flour (WWF) (extraction rate ≈100%) and 
wheat flour (WF) (extraction rate ≈70%) were obtained from two 
Danish mills, one using roller mills (RM) and one using stone 
mills (SM), in June 2005 for the first experiment. Whole wheat 
grains, wheat flour, and wheat germ (WG) were obtained from the 
Danish mill using roller mills in September 2006 for the second 
experiment. All samples were kept in paper bags normally used 
for commercial household packaging of flour and stored at room 
temperature in darkness for up to 297 days. Immediately before 
analysis, the samples were milled to a particle size of 0.5 mm in 
the laboratory using a Udy cyclone sample mill. 
Dry Matter Content 
The dry matter content was determined in duplicate using the 
gravimetric method by oven drying (130°C and 90 min) accord-
ing to ICC standard method No. 110/1. 
Determination of Tocopherol and Tocotrienol Contents 
Tocopherol and tocotrienol contents in the samples were mea-
sured by a method of Nielsen and Hansen (unpublished). Using 
this procedure, 1 g of milled sample was extracted with 30 mL of 
hexane and placed in an ultrasound bath for 10 min. The super-
natant was evaporated to dryness under nitrogen and dissolved in 
3 mL of hexane and filtered through a 0.45-μm filter. All extracts 
were made in triplicate. The quantitative HPLC separation was 
performed on a LiChrosorb Si 60 (125 × 4 mm i.d., particle size 5 
μm) normal-phase column protected with a steel guard column (50 
× 3 mm i.d., particle size 5 μm) filled with ChromGuard S (Bie 
and Berntsen, Copenhagen, Denmark). The temperature of the 
column oven was 25°C. The mobile phase contained a solution of 
hexane, ethyl acetate, and acetic acid (94.6:3.6:1.8) and the flow 
rate of the mobile phase was set at 1.0 mL/min (Nielsen and Han-
sen 2008). The tocopherols and tocotrienols were identified by 
retention time and quantified by use of linear regression from a 
calibration curve for all eight isomers (1–25 μg/mL). For the first 
part of the experiment, the vitamin E content was measured after 
1, 7, 16, 37, 94, 187, and 297 days in both the RM and SM sam-
ples. For the second part of the experiment, the vitamin E content 
was measured after 1, 7, 15, 22, 54, and 224 days in RM samples. 
Total equivalents of vitamin E (TE) were calculated as α-TE/g, 
dm = (α-T*1.0) + (β-T*0.5) + (α-T3*0.3) + (β-T3*0.05). 
Lipoxygenase Assay 
To measure the LOX activity, 5 g of sample was blended with 
40 mL of potassium phosphate buffer (50 mM, pH 7.0, added 
0.1% Triton-X) by Ultra-Turrax. The extract was centrifuged for 
30 min at 3,000 rpm and 0°C, filtered, and kept on ice until the 
analysis. Lipoxygenase in the enzyme extract was measured in a 
continuous assay by measuring consumption of initial oxygen by 
an oxygen-sensitive probe (YSI 5010 BOD probe) with a dis-
solved oxygen meter (YSI 5100) at 30°C using linoleic acid as a 
substrate. Calibration was done at 30°C by air-saturated tempered 
phosphate buffer (0.2M, pH 6.0, 21% dissolved O2) followed by 
addition of sodium dithionite (0% dissolved O2).  
To determine LOX activity, 27.2 mL of air-saturated phosphate 
buffer and 3.9 mL of enzyme extract were mixed in a 33-mL 
conical flask and then measured. After 30 sec, the reaction was 
initiated by adding 1.9 mL of sodium linoleate solution (10 mM). 
The level of O2 was monitored over 20 min, measuring O2 content 
once every second. To determine the activity of LOX, the O2 level 
(mmol of O2) was plotted against time, and the steepest slope 
(mmol of O2/sec) on the curve was found using a continuous lin-
ear regression over 20 sec at a time. Blank samples were run on 
buffer-added substrate and enzyme extract. The samples were 
made in duplicate and measured after 1, 8, 17, 23, and 224 days 
of storage. 
Isolation and Quantification of Hexanal 
Dynamic headspace was used to isolate volatile compounds, 
especially hexanal. In the latter, hexanal is used as an indicator of 
lipid oxidation and is thus the main compound to be considered. 
Sample (20 g) was weighed in a 250-mL glass flask equipped 
with a purge head. The sample was then placed in a water bath at 
30°C and purged with nitrogen (100 mL/min) for 1 hr. Hexanal 
and other volatiles were collected on traps containing 250 mg of 
Tenax-TA material (mesh size 60/80, Buchem bv, Apeldorn, The 
Netherlands). The samples were then subjected to automated ther-
mal desorption (ATD) and gas chromatography and mass spec-
troscopy (GC-MS) analysis. Dynamic headspace collections were 
made in duplicate and measured after 1, 8, 17, 23, and 224 days 
of storage. The collected volatiles were thermally desorbed using 
an automated thermal desorption device (ATD 400, Perkin Elmer). 
Desorption time from the trap to the cold trap was 15 min at 
250°C, with a helium flow of 60 mL/min. Volatiles were desorbed 
from the cold trap to the GC-column by flash heating from 5 to 
300°C.  
Separation and identification of aroma compounds were con-
ducted on a GC-MS system (Hewlett-Packard G1800A) equipped 
with a DB-Wax column (J&W Scientific, 30 m × 0.25 mm × 0.25 
μm) using helium as the carrier gas (1 mL/min). The column tem-
perature was kept at 45°C for 10 min and then increased by 
6°C/min to 240°C, and kept there for 10 min. The mass selective 
detector used the electron ionization mode accumulating 15–300 
m/z scan. Identification and quantification was done by probability-
based matching with mass spectra in the Wiley Library (Hewlett-
Packard) and relative areas were given. 
Statistical Analyses 
Data were presented in Table I as the mean ± SD. Differences 
between vitamin E isomers, flour type, milling method, and time 
were determined using ANOVAN, an n-way analysis of the sam-
ples, and were run in MATLAB 7.1 software. Differences with P 
< 0.05 were considered significant. 
RESULTS AND DISCUSSION 
Vitamin E During Storage 
The results from the first storage experiment, in which the vi-
tamin E content was analyzed during storage of RM and SM flour 
samples is shown in Fig. 1 and Table I. The total amount of vita-
min E, expressed in total equivalents of vitamin E (TE) is shown 
in Fig. 1. The SM WWF (A) and the RM WWF (B) contained 
similar levels of vitamin E throughout the whole storage period of 
297 days. 
The content of vitamin E in the WF depends on the milling 
method used, and the content of vitamin E is much lower in the 
RM WF due to the composition of the flour. WF from RM does 
not contain germ or bran fractions and because different isomers 
of vitamin E are primarily located in the germ and bran fractions, 
it was to be expected that the RM WF contained a lower total 
content of vitamin E (Barnes 1983). For both milling methods, a 
significant decrease in vitamin E content occurred after 94 days 
of storage. 
The total loss of vitamin E during 297 days of storage was 50% 
for RM WF and 31% for RM WWF. These observations are in 
agreement with the experiments performed by Wennermark and 
Jagerstad (1992), who measured a loss of 40% for WWF and 38% 
for WF, but after 12 months of storage. There was no significant 
difference between SM WF and WWF, and the total loss was de-
termined to be ≈34%. 
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In Table I, the content of four different isomers is listed for two 
types of flour (WWF and WF) and two types of milling methods 
(SM and RM) over 297 days of storage. The content of β-T3 is 
highest in all samples, followed by the content of α-T. α-T3 and 
β-T are approximately at the same low level. 
The loss of α-T in RM WWF was ≈31% during storage, 
whereas the SM WWF loss was ≈36% of the α-T. No difference 
in milling method was observed for β-T, as total loss was ≈31% in 
SM WWF, which was not significantly lower than the loss of 32% 
for RM WWF. The loss of β-T3 was also independent of milling 
method, probably due to the fact that the β-T3 is more equally 
distributed in the bran and endosperm than the typical germ iso-
mer α-T (Barnes 1983). 
The tocopherols are primarily located in the germ, and a higher 
loss, especially of α-T, was expected for SM WWF due to the 
presence of germ (Nielsen and Hansen, unpublished). α-T3 is 
primarily located in the bran fractions, and the total loss proved 
independent of the milling method. β-T3 proved to be the most 
stable isomer form during the storage period of 297 days. The 
loss of β-T3 was most pronounced for the RM flour because 
roller mills separate bran fractions into several fractions and the 
flour is thus more exposed to air while going through the milling 
system before the desired fractions are collected into the final 
product. The storage experiment revealed no significant differ-
ences in the vitamin E content and storage stability of WWF flour 
between the two milling methods. Only differences due to extrac-
tion rates (70 vs. 100%) were revealed for RM flour. 
Lipoxygenase Activity and Formation of Hexanal  
During Storage of Wheat Germ and Flour 
The second storage experiment investigated lipid oxidation by 
using RM samples because this milling method produces almost 
pure fractions of wheat germ (WG) and wheat flour (WF). This 
experiment was performed to investigate the relationship between 
the loss of vitamin E during storage and lipid oxidation, and thus 
to investigate whether vitamin E functions as an antioxidant in the 
wheat flour during storage. Lipid oxidation was monitored by 
measuring the lipoxygenase activity and the oxidative stability of 
the flour, which was simultaneously followed by the development 
of hexanal. 
In Fig. 2A, the α-T content in milled wheat grains, wheat flour, 
and wheat germ is plotted using two axes because the amount of 
α-T in the wheat germ (right axis) was an order of magnitude 
higher than the grains and flour (left axis). From Fig. 2, it is clear 
that the pattern of α-T degradation is the same for all three sam-
ples. We also note that the total loss of α-T in WF was higher in 
this experiment than the findings of the first part of the experi-
ment; however, the degradation pattern remains the same. 
In Fig. 2B, the activity of LOX is plotted as a function of stor-
age time. The milled wheat grains display a higher level of LOX 
activity compared with that of the wheat flour. This is explained 
by the fact that the grains are freshly milled before analysis and 
still contain both germ and bran. Previous studies have shown that 
the activity of LOX in bran fractions is much higher than in flour, 
and that LOX activity is highest in the germ fractions (Galliard 
1986; Gökman et al 2007). Therefore, a higher LOX content in 
the milled wheat grains compared with WF was expected. 
The LOX activity in the WWF decreased throughout the stor-
age period. In contrast, the LOX activity in WF increased slightly 
during the first month of storage to remain stable throughout the 
remaining storage period. This was expected because the bran and 
germ fractions were removed, resulting in a low lipids content 
(<1%) (Nielsen and Hansen, unpublished) and enzymes; hence 
there was limited lipid oxidation. In contrast, the LOX activity in 
WG increases to the highest activity after 37 days, from which 
point the activity decreases rapidly. As lipase is located in the 
bran and LOX is primarily located in the germ (Galliard 1983), it 
was expected that the LOX activity would be highest in the pure 
Fig. 1. Total content of vitamin E (μg of α-TE/g, dm) in stone-milled 
flours (A) and roller-milled flours (B). α-Tocopherol equivalents (α-TE) 
are calculated as (α-T*1.0) + (β-T*0.5) + (α-T3*0.3) + (β-T3*0.05). 
TABLE I
Vitamin E Content in Whole Wheat Flour (WWF) and Wheat Flour (WF) Milled on Either a Stone Mill  
or on a Roller Mill (RM) During 297 Days of Storage 
Vitamin E  Milling Days of Storage 
Isomera Flour Type Method 1 7 16 37 94 187 297 
α-T          
 WWF SM 14.0 ± 0.3 13.2 ± 1.0 13.1 ± 0.4 12.1 ± 0.8 8.6 ± 0.8 7.5 ± 0.8 8.6 ± 0.6 
 WWF RM 14.6 ± 0.5 14.6 ± 0.3 13.6 ± 0.6 12.8 ± 0.8 10.0 ± 1.0 11.1 ± 0.4 10.1 ± 1.3 
 WF SM 13.8 ± 0.3 13.8 ± 0.3 12.3 ± 0.6 13.2 ± 0.2 9.7 ± 1.0 9.8 ± 0.5 10.0 ± 0.9 
 WF RM 7.4 ± 0.2 6.5 ± 0.3 7.0 ± 0.3 6.9 ± 0.3 5.1 ± 0.1 5.7 ± 0.2 3.7 ± 1.1 
β-T          
 WWF SM 5.1 ± 0.2 5.9 ± 0.7 5.5 ± 0.5 4.7 ± 0.4 4.1 ± 0.9 3.3 ± 0.2 3.6 ± 0.4 
 WWF RM 5.0 ± 0.2 5.6 ± 0.4 5.2 ± 0.5 4.2 ± 0.1 3.8 ± 0.5 3.6 ± 0.2 3.4 ± 0.5 
 WF SM 5.2 ± 0.4 6.1 ± 0.3 4.8 ± 0.4 5.2 ± 0.4 4.0 ± 0.4 3.7 ± 0.2 3.7 ± 0.1 
 WF RM 2.9 ± 0.2 3.1 ± 0.2 2.8 ± 0.2 3.1 ± 0.2 2.4 ± 0.3 2.1 ± 0.2 1.6 ± 0.8 
α-T3          
 WWF SM 4.4 ± 0.2 5.1 ± 0.5 4.3 ± 0.2 3.8 ± 0.3 3.5 ± 0.4 2.4 ± 0.3 2.6 ± 0.4 
 WWF RM 4.9 ± 0.1 5.5 ± 0.3 4.9 ± 0.4 4.6 ± 0.1 4.5 ± 0.5 3.9 ± 0.3 3.5 ± 0.4 
 WF SM 2.9 ± 0.2 3.5 ± 0.5 2.7 ± 0.1 2.8 ± 0.3 2.7 ± 0.3 1.8 ± 0.2 2.1 ± 0.2 
 WF RM 2.3 ± 0.1 2.6 ± 0.5 2.3 ± 0.2 2.3 ± 0.2 2.3 ± 0.1 1.7 ± 0.2 1.0 ± 0.3 
β-T3          
 WWF SM 21.0 ± 0.7 21.7 ± 2.1 20.8 ± 0.3 21.0 ± 0.8 17.2 ± 1.9 15.3 ± 1.8 18.2 ± 1.9 
 WWF RM 21.4 ± 0.1 23.6 ± 0.7 21.9 ± 1.8 21.2 ± 1.5 18.5 ± 2.0 19.5 ± 1.3 15.5 ± 1.8 
 WF SM 18.2 ± 1.0 19.9 ± 0.3 16.3 ± 0.9 19.9 ± 1.3 14.8 ± 1.5 14.3 ± 0.6 16.4 ± 1.8 
a T, tocopherol; T3, tocotrienol. Total amount of vitamin E is expressed as α-tocopherol equivalents (α-TE) = (α-T*1.0) + (β-T*0.5) + (α-T3*0.3) + (β-T3*0.05). 
Vol. 85, No. 6, 2008 719 
germ fraction. Indeed, the result from monitoring LOX activity as 
a function of storage time showed a high LOX activity in the 
germ and in the milled wheat grains and a lower activity in the 
wheat flour, meaning that some lipid oxidation occurs in wheat 
flour during storage. 
Using formation of hexanal as an indicator of lipid oxidation, 
Fig. 2C shows that the level of hexanal increases in all samples 
throughout the whole storage period. The increase in hexanal for-
mation is smaller for milled wheat grains compared with WF and 
WG. After 224 days of storage, the amount of hexanal in the 
wheat grains was ≈50% of the amount in WG and WF while, as 
expected, the hexanal formation in WF increases throughout the 
whole storage period. Apparently the formation of hexanal was 
not correlated to LOX activity. This result is in good agreement 
with other experiments, which show that oxidation products are 
produced immediately after milling of the whole wheat flour, and 
that the amount of oxidation products increases linearly with time 
during storage at 20°C (Galliard 1986; Tait and Galliard 1988). Oxi-
dation in WG has a lag period of 17 days before the formation of 
hexanal becomes measurable, which means that vitamin E, and 
especially α-T in this intermediate storage period, functions as an 
effective antioxidant with the ability to suppress lipid oxidation. 
CONCLUSIONS 
A significant difference in the content of vitamin E between 
SM and RM WF was observed. The highest content was mea-
sured in SM WF. The difference in content was ascribed to the 
lack of germ and bran fractions in RM WF. The total loss of vita-
min E in wheat flour was 24% for SM WF but 50% for RM WF 
during the storage period, indicating that vitamin E in the germ 
functions as an antioxidant in the SM WF. The results of this 
study also show that lipid oxidation in RM flour, expressed as 
hexanal formation, occurred immediately after milling, whereas 
the formation of hexanal in the germ fraction had a lag period of 
22 days, confirming that vitamin E functions as an effective anti-
oxidant in wheat germ. LOX displayed highest activity in the 
germ fraction, followed by milled whole grains and wheat flour, 
respectively. The results in this study showed that no significant 
differences between the two milling methods were observed at the 
end of a storage period for WWF. 
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